Background--Acute myocardial infarction is a major cause of hospitalization and death in patients with chronic obstructive pulmonary disease (COPD); however, temporal trends in the management and clinical outcomes of these patients remain unclear.
C hronic obstructive pulmonary disease (COPD) is a major chronic illness. COPD is projected to become the third leading cause of death worldwide by 2020, and its prevalence, morbidity, and mortality are increasing. 1 In patients with COPD, cardiovascular disease is the most common comorbidity and a major cause of hospitalization and mortality. [2] [3] [4] The management of cardiovascular disease has progressed considerably in recent years. With the development of evidence-based pharmacological and interventional treatments, the morbidity and mortality of patients with acute myocardial infarction (AMI) have decreased. Nevertheless, studies have reported that evidence-based therapies, such as b-blockers and coronary angiography, are underused in patients with both COPD and AMI. 5, 6 Moreover, updated epidemiological data on AMI for patients with COPD are scant, and even less is available for the Asian population in particular. The extent to which patients with COPD have received different AMI therapies compared with those received by patients without COPD and the effect of this difference on clinical outcomes remain unclear. This observational study investigated differences in clinical characteristics, hospital treatments, and outcomes between patients with AMI with or without COPD in Taiwan by using the nationwide population-based database.
Materials and Methods

Data Collection and Patient Selection
We conducted a retrospective cohort study by using the Taiwan National Health Insurance Research Database (NHIRD). The NHIRD is a large database provided by Taiwan National Health Insurance (NHI), which is a single-payer, universal, and compulsory health care program covering >99% of Taiwan residents. The NHIRD contains complete outpatient and inpatient electronic claims records, which include individual diagnoses, procedures performed, and medications prescribed. These data are encrypted and deidentified for research purposes. In this study, we used medical claims and registration data retrieved from 1 million people randomly sampled from the 24 million beneficiaries of the Taiwan NHI between 2003 and 2013.
This study was approved by the institutional review board of Chang Gung Medical Foundation, which waived the requirement for informed consent (approval number 104-7549B).
Study Populations and Associated Covariates
From the NHIRD, we identified patients admitted to all hospitals with the diagnosis of AMI (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 410.x) and included them in the study cohort. We longitudinally followed the study cohort from January 2004 to December 2013. Patients were included if they were aged ≥20 years when they experienced the index AMI attack. For each patient, the day of admission for AMI during the study period was assigned as the index day. For patients with multiple admissions, we included only the first admission during the study period. We excluded patients who survived an AMI event but were hospitalized for <2 days. 7 Furthermore, we categorized patients into COPD and non-COPD groups. Patients were included in the COPD group if they had received a diagnosis of COPD at previous hospital discharge or in outpatient departments within 12 months before the index day and were prescribed associated treatment. The diagnosis of COPD was identified with the ICD-9-CM codes 491, 492, and 496. 8 We retrieved records for associated comorbidities including hypertension, diabetes mellitus, previous myocardial infarction, ischemic heart disease, heart failure, stroke, dyslipidemia, chronic kidney disease, and atrial fibrillation for all patients from both inpatient and outpatient records since 1 year prior to the index day. In addition, we recorded patient age, sex, hospital length of stay (LOS), and complete in-hospital medical treatments and procedures received during the AMI event.
Outcome Measurements
The primary outcome was in-hospital mortality. Secondary outcomes included 90-day mortality, 1-year mortality, and development of respiratory failure and shock during hospitalization. Death was defined as a patient's withdrawal from the NHI program. 9 The date of withdrawal from the Taiwan NHI program has been recognized as an accurate proxy for mortality date. 10, 11 In-hospital mortality was defined as withdrawal within 7 days of discharge, and 90-day and 1-year mortality was defined as dropping out of the NHI program within 90 days or 1 year of the index day, respectively. The follow-up duration lasted from the index day until a patient's death or the end of 2013. Respiratory failure was defined on the basis of the use of invasive or noninvasive mechanical ventilatory support. A shock episode was defined according to the use of norepinephrine, dopamine, epinephrine, or intra-aortic balloon pumping during admission.
Sensitivity Analysis
Three sensitivity analyses were performed to examine the robustness of results. First, we matched patients in the COPD and non-COPD groups by using a propensity score that included age, sex, socioeconomic status, comorbidities, and year of the index AMI event in the model. Second, we recategorized patients with asthma (ICD-9-CM code 493) and bronchiectasis (ICD-9-CM code 494) into the COPD group and reperformed the analyses. Finally, because AMI and unstable angina present similar clinical symptoms, a separate analysis was performed in patients with acute coronary syndrome (ACS; ICD-9-CM codes 410, 411.1, and 411.8). However, this analysis included only patients receiving ACS-associated treatment, namely, dual antiplatelets, anticoagulants, percutaneous coronary intervention (PCI), fibrinolysis, or coronary artery bypass grafting.
Statistical Analysis
Data are reported as median (interquartile range) for continuous variables and as proportion (percentage) for categorical variables. Continuous variables were analyzed using the Mann-Whitney U test. Categorical variables were analyzed using a chi-square test. We first compared the difference in inhospital treatment and outcomes between the COPD and non-COPD groups by using the multivariable logistic regression model. Variables such as age, sex, socioeconomic status, year of hospitalization, hospital LOS, and comorbidities (diabetes mellitus, hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease, and atrial fibrillation) were adjusted in the model. In addition, we used the univariable and multivariable logistic regression models to evaluate the effect of other medications and treatments received during hospitalization on the use of individual cardiovascular medications. The medications and treatments evaluated included inhalation therapy (bronchodilator, steroids, or mucolytics), theophylline, oral b-agonists, mucolytic agents, cough and cold preparations, antibiotics, diuretics, and antiarrhythmics. We then used Cox proportional hazard models to compare mortality outcomes (in-hospital, 90-day, and 1-year mortality) between the COPD and non-COPD groups. The survival time was measured from the index day until the date of death or the end of the study (December 31, 2013), whichever occurred earlier. The proportional hazards assumption was evaluated graphically and found to be appropriate. Variables such as age, sex, socioeconomic status, comorbidities, hospital LOS, and year of hospitalization were adjusted in the survival models. Adjusted survival curves were presented using the corrected group prognosis method. 12 We estimated temporal trends in in-hospital treatments and outcomes by using logistic regression in the COPD and non-COPD groups. We categorized the year of the AMI index event into 5 categories and used them as explanatory variables. A P value of <0.05 indicated a positive trend toward an increasing or decreasing use of the specific treatment with time. In addition, an interaction between the COPD group indicator and the index year was analyzed separately.
We evaluated the effect of in-hospital treatment on patients with COPD by using univariable and multivariable logistic regression models in which baseline confounding factors, including age, sex, socioeconomic status, comorbidities, hospital LOS, and year of hospitalization were adjusted. Variables in the univariable analysis with P values of <0.15 were subjected to multivariable analysis. A 2-tailed P value of <0.05 indicated statistical significance. The relative risk was calculated using a modified Poisson regression model with robust error variance. 13 For propensity score matching in the sensitivity analyses, we estimated the propensity of patients with COPD by using the logistic regression model. The following variables were included in the model: age, sex, socioeconomic status, comorbidities, hospital LOS, and year of hospitalization. We performed the 1:1 matching by using the nearest neighbor algorithm without replacement and a caliper width of 0.05. A total of 1800 patients with COPD were matched with 1800 patients without COPD. The matched samples were well balanced, with all absolute standardized differences of <0.1. After matching, the odds ratio was calculated using the general estimating equation, and survival data were calculated using Cox proportional hazards models with a robust variance estimator.
14 Analyses were performed using SAS version 9.4 (SAS Institute, Inc.).
Results
Baseline Characteristics
From the sample of 1 million people, we included 6770 patients with AMI ( Figure 1 ). Among them, 1921 (28.3%) patients had received a diagnosis of COPD. The median age of the patients with AMI was 70 years (interquartile range 58-79 years). Compared with the patients without COPD, the patients with COPD were older and had more comorbidities (Table 1) .
In-Hospital Treatment and Clinical Outcomes
The median hospital LOS was 6 days (interquartile range 4-12 days). The patients with COPD had longer LOS than did the patients without COPD (median 8 [interquartile range 4-15] versus 6 [interquartile range [4] [5] [6] [7] [8] [9] [10] [11] days, P<0.0001). The patients with COPD had a lower likelihood of receiving evidence-based pharmacological and interventional treatments for AMI, namely, antiplatelets, anticoagulants, b-blockers, angiotensin-converting enzyme inhibitors/ angiotensin II receptor blockers (ACEI/ARB), statins, coronary angiography, PCI, and coronary artery bypass grafting ( Table 2) . We observed an increasing trend of calcium channel blocker use in the patients with COPD ( Table 2 ). This observation remained consistent after adjusting for age, sex, socioeconomic status, hospital LOS, and comorbidities.
The use of some cardiovascular medications appeared to be affected by other medications and treatments received during hospitalization. The patients receiving theophylline or antibiotics were less often prescribed dual antiplatelets, anticoagulants, b-blockers, and ACEI/ARB. The patients receiving oral b-agonists less often received statins and b-blockers. In contrast, the patients receiving cough and cold preparations or diuretics more often received cardiovascular medications (Table S1 ). Importantly, COPD remains an independent factor that is correlated with the underuse of several cardiovascular prescriptions.
Regarding clinical outcomes, the patients with COPD had higher risks of in-hospital, 90-day, and 1-year mortality and respiratory failure during hospitalization. The risk of shock episodes, however, did not significantly differ between the 2 groups (Table 2 ). Moreover, survival curves significantly differed between these 2 groups ( Figure 2 ).
Temporal Trends in Treatment and Outcomes
With respect to treatment trends between 2004 and 2013, we observed an increasing use of dual antiplatelets, anticoagulants, and statins in all patients with AMI ( Figure 3) . Coronary angiography and PCI were also more frequently performed in the patients with AMI ( Figure 3 ). More patients with COPD received b-blockers with time; however, their percentage remained lower than that of the patients without COPD (Figure 3 ). The trends of ACEI/ARB use showed no significant change in either group (Figure 3 ; Table S2 ).
Regarding clinical outcomes over the 10-year period, inhospital, 90-day, and 1-year mortality and the occurrence of respiratory failure and shock episodes decreased in the patients without COPD (Figure 4 ). In the COPD group, although only 1-year mortality and the occurrence of respiratory failure decreased, a decreasing trend of in-hospital mortality was observed ( Figure 4 ; Table S3 ). 
Influence of Possible In-Hospital Treatment on In-Hospital Mortality and Sensitivity Analysis
We investigated the effect of in-hospital treatment on the inhospital mortality of the patients with COPD. After adjusting for baseline covariates, we observed that several treatment modalities were associated with a decreased risk of inhospital mortality, namely, dual antiplatelets, b-blockers, ACEI/ARB, statins, coronary angiography, and coronary artery bypass grafting (Table 3 ). The b-blockers and ACEI/ARB were associated with a substantially lower relative risk of inhospital mortality (the risk differences were 16% and 43%, respectively). Compared with patients without COPD, the patients with COPD still had a higher risk of in-hospital mortality after adjustment for dual antiplatelets, anticoagulants, and coronary angiography; however, further adjustment for ACEI/ARB or b-blockers rendered the difference nonsignificant ( Figure 5 ). Moreover, in-hospital, 90-day, and 1-year mortality did not differ between the patients with COPD who received dual antiplatelets, b-blockers, statins, ACEI/ ARB, and coronary revascularization and the patients without COPD (Table S4 ). In contrast, the patients with COPD who did not receive cardiac catheterization had higher in-hospital mortality and an increasing trend of 90-day and 1-year mortality than did the patients without COPD (Table S4 ).
In the sensitivity analysis, in-hospital, 90-day, and 1-year mortality were consistently higher in the COPD group. In addition, all 3 analyses consistently demonstrated that the COPD group had a lower likelihood of receiving evidencebased treatments for AMI during hospitalization (Table S5 ).
Discussion
The results of our population-based observational study of the patients with AMI in Taiwan between 2004 and 2013 revealed significant differences in in-hospital treatment and clinical outcomes between the patients with and without COPD. Over these 10 years, a higher proportion of the patients with AMI received improved cardiac therapies and coronary angiography, bringing about a decrease in both short-and long-term mortality in the patients without COPD. The patients with COPD, however, had a lower likelihood of receiving evidencebased pharmacological or interventional treatments. These patients also exhibited higher short-and long-term mortality, with only limited improvement over the past 10 years. Our findings are consistent with those of a previous study conducted in the United States. 6 The Worcester Heart Attack Study reported that patients with COPD in their cohort were less likely to receive anticoagulants, b-blockers, statins or lipid-lowering agents, or cardiac invasive treatment between 1997 and 2007. Calcium channel blockers were used more Figure 2 . Survival curves of patients with acute myocardial infarction with and without chronic obstructive pulmonary disease (COPD). The adjusted survival curves were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay, and comorbidities (diabetes mellitus, hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease, and atrial fibrillation). often in patients with COPD; however, the use of dual antiplatelets and ACEI/ARB did not decrease. 6 Regarding clinical outcomes, in our study, the patients with COPD had higher in-hospital, 90-day, and 1-year mortality than did the patients without COPD. In previous studies, however, higher in-hospital mortality was not observed consistently. 5, 6, 15, 16 The overall mortality in our study was higher than that in the Worcester study. This might be attributable to the difference in ethnicity 17 or possibly to the underuse of evidence-based AMI treatment. 18 The underuse of medications such as b-blockers and ACEI/ARB is not infrequent in Asian countries (Table 4) . All models were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay, and comorbidities (diabetes mellitus, hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease, and atrial fibrillation). ACEI/ARB indicates angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention; RR, relative risk.
assume that the patients in our cohort who did not receive bblockers (n=2920) had 20% mortality, then the mortality difference between the 2 studies can be accounted for. With respect to other treatments, the proportions of patients who received ACEI/ARB, anticoagulants, PCI, or coronary artery bypass grafting were similar in the 2 studies. Mortality in our cohort was higher than that in the Taiwan ACS Full Spectrum Registry, which recruited 3183 patients between October 2008 and January 2010. 22 In-hospital mortality was only 1.6% and 1-year mortality was only 7.5%. The difference in mortality between the registry and our patient cohort may be attributable to differences in the treatment received and the sampling method. The Taiwan ACS Registry recruited patients from 39 hospitals, of which 19 were tertiary medical centers. PCI was performed in 84.4% of patients, which almost doubled our proportion. Thus, this cohort represents those patients who received aggressive treatment for ACS in Taiwan. In contrast, in 2004 and 2005, Figure 5 . In-hospital mortality risk of acute myocardial infarction between patients with and without chronic obstructive pulmonary disease. The baseline model was adjusted for age, sex, socioeconomic status, hospital length of stay, year of hospitalization, and comorbidities (diabetes mellitus, hypertension, ischemic heart disease, dyslipidemia, congestive heart failure, stroke, chronic renal disease, and atrial fibrillation); Model 1 was further adjusted for dual antiplatelets, anticoagulants, and coronary angiography. ACEI/ARB indicates angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; aHR, adjusted hazard ratio; CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapy.
only 57.7% and 34.7% of our patients without COPD underwent coronary angiography and PCI, respectively. Moreover, in 2008 and 2009, only 57.9% of our patients without COPD received PCI. This finding suggests that our patient cohort encompasses a broader range of hospital levels and patient characteristics. Moreover, the registry required informed consent, and 10% of patients were lost to follow-up in the following year, thus mortality may have been underestimated. In contrast, we considered dropping out from the NHI as an indicator of death. This may have resulted in the overestimation of mortality. We hypothesized that the higher mortality of patients with COPD was due to the underuse of evidence-based treatment modalities 7, 18, 23, 24 ; therefore, we examined the individual effect of in-hospital treatment on clinical outcomes. Our data indicate that dual antiplatelets, b-blockers, ACEI/ARB, statins, coronary angiography, and coronary artery bypass grafting independently reduced in-hospital mortality in patients with COPD. The b-blockers and ACEI/ARB were associated with a substantially lower relative risk of in-hospital mortality. The risk of in-hospital mortality persisted in the patients with COPD after adjusting for dual antiplatelets, anticoagulants, and coronary angiography; however, after further adjusting for b-blockers or ACEI/ARB, the risk became nonsignificant. Mortality did not differ between the patients with COPD who received a combination of dual antiplatelets, b-blockers, statins, ACEI/ARB, and coronary revascularization and the patients without COPD. These data indicate that the risk of mortality was lower in patients with COPD who received evidence-based treatment modalities. Consequently, we suggest that all evidence-based pharmacological and interventional treatments should be aggressively used in all patients with AMI, particularly in those with COPD. The underuse of bblockers in patients with both COPD and AMI has been reported. 5, [25] [26] [27] [28] Past research has indicated that the main concern is bronchospasm; however, recent studies have reported that cardioselective b-blockers generally do not cause bronchospasm, and the use of b-blockers may even reduce the risk of exacerbations in patients with COPD. [29] [30] [31] [32] We believe that b-blockers exert beneficial effects on patients with both COPD and AMI, lowering their mortality.
In this study, we could not evaluate whether a patient was indicated or contraindicated for a specific treatment modality. The patients with COPD who did not receive coronary angiography had a higher risk of in-hospital mortality than those without COPD. This may have occurred because the patients could not tolerate the procedure or their physicians withheld the treatment owing to concerns about risk. Nevertheless, the exact reason could not be established. Considering the nature of the claims database, we could not differentiate between the 2 scenarios. Likewise, the reason for the nonadministration of b-blockers or ACEI/ARB to the patients with COPD could not be evaluated. Because of our data limitations, we could not investigate whether this nonadministration was because of the concern regarding bronchospasm or owing to the patient having already developed hypotension, preventing their use. This situation possibly generated confounding results, that is, more severely ill patients who were unable to receive b-blockers or ACEI/ ARB might have contributed to the increased mortality of patients not receiving medications. Nevertheless, considering that b-blockers and ACEI/ARB remain the standard adjunct therapy in AMI, we continue to advocate for their use in patients with COPD. These treatments should be administrated to those patients who have no contraindications for a specific AMI treatment.
Our study has several limitations. First, we used data extracted from the NHIRD, which is a claims database and does not provide additional information, such as cigarette smoking, body mass index, or the lifestyle of the beneficiary. Clinically relevant data including disease manifestation, laboratory data, and examination results (eg, the lung function test) are also not provided; therefore, unspecified potential confounders may have been overlooked. Second, the diagnosis of AMI and COPD relied solely on the presence of diagnostic codes in a beneficiary's record. Miscoding could have happened but was difficult to identify. Moreover, we could not validate the diagnosis of COPD with respect to the standard diagnostic criteria (ie, the ratio between the forced expiratory volume in 1 second and the forced vital capacity). A study conducted in Michigan identified patients with COPD having postbronchodilator spirometry results and reported that the ICD-9-CM codes (491, 492, 496, and 493.2) had only 76% and 67% sensitivity and specificity, respectively. 33 To the best of our knowledge, no study has validated the accuracy of the NHIRD diagnostic codes for COPD. Moreover, because the NHIRD does not contain laboratory or examination results, we could not assess the sensitivity and specificity of the NHIRD diagnostic codes for the classification of COPD. It is possible that less symptomatic patients often do not receive a diagnosis of COPD or that our patients with COPD were more symptomatic than is usual. These circumstances may have accentuated the difference in clinical outcomes. Regarding the diagnosis of AMI, a study validated the NHIRD diagnosis coding, 34 and our sensitivity analysis of the patients receiving ACS-specific treatment demonstrated consistent results. Third, owing to the inherent limitations of observational studies, we could not address the unmeasurable and unrecorded confounding factors; therefore, bias (eg, confounding by indications) may exist.
Conclusion
In our study, patients with COPD were less likely than those without COPD to receive evidence-based pharmacological and interventional treatments during hospitalization for AMI. They also had inferior clinical outcomes compared with those of the patients without COPD. Limited improvement of clinical outcomes was observed during the 10-year study period. Several evidence-based treatments, especially bblockers and ACEI/ARB, were significantly correlated with survival.
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